Redshifts are given for 50 brightest cluster galaxies, extending as far as z = 0.75; BVR photometry is given for 33 clusters. These data are combined with earlier data of a similar kind in order to investigate several effects. The measured B -V and V -R colors as a function of redshift are well represented by Whitford's standard-galaxy K corrections, as far as these are defined (to · z = 0.28 in B -V and z = 0.48 in V -R). This suggests both that the K corrections are valid over these ranges of z and that no major color change of the galaxies has occurred over the last 4-5 x 10 9 years. At larger redshifts, the colors, which start out being monotonically redder with z, turn over and become bluer with z. The data at large z seem to follow the prediction based upon ultraviolet photometry of NGC 4486 (M87), which is one extreme of a range of galaxies measured by Code and Welch.
I. INTRODUCTION
This paper is the second in a series reporting measurements ofredshifts and magnitudes of faint galaxies. The overall aim is to obtain these fundamental data for a large sample of galaxies from the former photographic cutoff at z = 0.2 to as great a redshift as possible, in order to investigate problems relating to 383 the evolution of galaxies and of the universe. We have used SIT television detectors for sky-subtraction spectroscopy and two-dimensional photometry, in addition to conventional photomultiplier aperture photometry. Our strategy has been to start at the bright end of the range (z ::::: 0.2) and to work toward fainter objects as experience is gained with the new detectors. Paper I (Sandage, Kristian, and Westphal TO TABLE 1 1. A46. If G 1 is not foreground, it is the brightest cluster member. It would be useful to have redshifts of other galaxies in the cluster, as well as confirmation of Gl.
2. A777 and A1759. Redshifts of Paper I confirmed. 3. A2218. Gl is centrally located in the cluster. G2, which is more compact and probably brighter than Gl, is near the bright foreground spiral. The latter, which appears somewhat disturbed on direct plates, has bright Balmer-line emission.
4. Possible cluster. 5. Independent redshift by Spinrad and Smith. 3C 343.1 has been discussed in some detail by Spinrad et al. 1977. 6. 3C 330. The redshift is for the northern galaxy of the pair near the center of the radio source (Kristian, Sandage, and Katem 1978) , on the basis of >..3727 emission and H and K absorption. The southern galaxy of the pair, which is almost certainly the radio source, has a rich emission-line spectrum with z = 0.549 (Spinrad et al. 1976) . The difference may be marginally real, but it is small enough that there is no doubt that these two galaxies are the brightest in a cluster.
7. 3C 424. The identification of the radio source is the galaxy shown by Wyndham 1966 , for which we measure z = 0.222. There are a number of other galaxies in the vicinity, some of them brighter than the radio galaxy, which could be a cluster. The brightest of these is a close pair (FG 1 and FG 2: 1976) summarized the observations from 1974 October to 1975 June and discussed the cluster richness correction. The present paper gives the observational results from 1975 June to 1976 June. The new data fill in the Hubble diagram significantly in the redshift range z = 0.25--0.5 and extend as far as z = 0.75. Since the sample is not likely to be extended very rapidly at the faint end, we have taken the occasion to perform an interim formal solution for q0, ignoring possible galaxy evolution effects. The result of this analysis is the first indication in our data of a deviation of the Hubble diagram from a straight line, with a formal value for q0 of about + 1.6. Table 1 gives new redshifts for 50 galaxies measured with the SIT-prism spectrograph at the Cassegrain focus of the 5 m Hale telescope . Almost all of the objects measured are the brightest galaxies in clusters: either Abell clusters, clusters found on a special 48 inch (1.2 m) Schmidt survey using Illa-J or 127-04 emulsions, or clusters containing 3C radio sources. Table 1 includes the Abell richness class (R) and Bautz-Morgan contrast class (BM) of the clusters, and the quality of the spectra (col. [8] : E = excellent, G = good, F = fair, and P = poor). The positions listed in columns (4) and (5) are of the objects whose redshifts are given. The positions should be accurate to better than 15", which is good enough to provide a unique identification.
II. NEW REDSIDFTS AND PHOTOMETRY
Twenty-eight of the redshifts are greater than 0.2, of which seven are in the range 0.3--0.4 and three are greater than 0.4. The largest redshifts are all for 3C sources (3C 19, z = 0.48; 3C 330, z = 0.53; and 3C 343.l, z = 0.75) . This is due to a very strong selection effect: Extremely faint 3C sources have been searched for intensively by several groups for some years.
Separation is -5n; central position is given in Table 1 ) with z = 0.124. Whether FGl and FG2 are the bright members of a cluster with 3C 424 a background object, or 3C 424 is in the cluster with FG 1 and FG2 foreground objects, or there is not a cluster but a chance clumping of field galaxies will not be known until redshifts of more of the galaxies are measured.
8. 3C 460. Possible cluster. Earlier scanner redshift (Kristian, Sandage, and Katem 1974) We have new photometry for 33 clusters. Table 2 lists conventional photomultiplier results for 26 clusters (as well as one quasar), obtained with the 5 m telescope. The redshifts given in column (3) are from Table l, unless otherwise noted. In most cases, measurements were made through two or three apertures (col. [5] ) to estimate the validity of the aperture correction. The magnitudes and colors listed in columns (6)-(10) are those measured through the corresponding apertures, with no corrections of any kind other than for atmospheric extinction. Table 3 gives photometry for seven clusters, obtained with a two-dimensional SIT detector at the prime focus of the 5 m telescope . The magnitudes given are those within the listed diameters. The notation "SM(x)" means that the corresponding diameter (x arcsec) is the standard metric diameter for the appropriate redshift, as defined by Sandage (1972a) . The SIT measurements have been reduced to the photoelectric BVR system of Tables 2 and 3 combined with older data of Paper I and of Sandage (1973a, first part of his Table 6 ). The solid lines in Figure 2 , and in Figure 1 to the left of the fork at z = 0.28, are from Whitford's (1975) K corrections for a standard elliptical galaxy.
The two lines to the right of z = 0.28 in Figure 1 are from Code and Welch (1977) , based on ultraviolet photometry from the Orbiting Astronomical Observatory. Code and Welch find that there is a scatter of ultraviolet intensity distributions in early-type galaxies which becomes progressively larger at shorter wavelengths. The two curves in Figure 1 represent the extremes for the Code and Welch data: the center of M31 (top curve) and NGC 4486 (bottom curve). The former flattens out at z = 0.25 and then begins to turn redward again past z = 0.5, while the latter turns over at z = 0.25 and becomes increasingly bluer with larger redshift. Our B -V color data are not very accurate or very numerous beyond z = 0.3, and are certainly not definitive, but they appear to be incompatible with the M3 l curve and not an unreasonable fit to the NGC 4486 curve. The same may perhaps be said of the V -R data in Figure 2 , which show a similar turnover and increasing blueness with redshifts past z = 0.5, although the data are even fewer and weaker. A turnover of colors at large redshift t Gl is the galaxy whose redshift was measured; A is the brightest cluster galaxy.
t Fis the galaxy whose redshift was measured (Paper I); G is the brightest cluster galaxy. § ID is the radio source identification and the brightest galaxy of the cluster (Kristian, Sandage, and Katem 1974) , and may have some asymmetric structure; 2 is the second brightest galaxy. Redshift by Spinrad and Smith 1973. II The two galaxies are discussed in the notes to Table 1 . # The companion is the faint object referred to by Kristian, Sandage, and Katem 1978 . Cluster membership may be in doubt. (Table 4) , older data (Table 5 ) by closed dots. The line to the left of z ~ 0.25 is that predicted from Whitford's (1975) standard-galaxy K corrections. The two lines to the right are predicted values from the extremes of a sample of galaxies measured in the ultraviolet by Code and Welch (1977) . The data suggest that the energy distributions of the galaxies in our sample are similar to that of NGC 4486, which defines the lower curve. Note that, at large redshift, the color turns over and becomes bluer: This supports a suggestion by R. Kron that very distant clusters will be relatively blue.
The point labeled 3C 299 is the radio source, which is also the brightest cluster galaxy. The point above it, joined to it by a dashed line, is the second brightest galaxy of the cluster. The latter has colors which are similar to the rest of the sample, while the radio source is too blue by -o.5 mag (see § nn.
was proposed by Kron (1977) as a means of searching for extremely distant clusters. The present data are not very strong, but they support Kron's suggestion. For smaller redshifts, the Whitford K corrections, as far as they are defined, appear to be a reasonable representation of the present data; this supports their use in V and R at least out to z ~ 0.5. t.4 a::
We note in passing the anomalously blue colors of 3C 299 in B -V (Fig. l) and of 3C 330 in V -R (Fig. 2) . In both cases, the second brightest cluster galaxy (joined to the radio source in Fig. 1 or 2 Tables 4 and 5 . Coding is the same as in Fig. 1 . The line is that predicted from Whitford's K corrections. The prediction is a reasonable fit to the data, which suggests that the K corrections for V and R are valid to z ~ 0.5. Note that the colors show the same turnover and increasing blueness with z as do the B -V data in Fig. 1 .
The point labeled 3C 330 is for the radio source, which is the brightest cluster galaxy in V. It appears too blue for its redshift. The point above it, joined to it by a dashed line, is for the second brightest galaxy (the brightest in R), which shows normal colors. 1973) which makes the R band too bright. Therefore, 3C 299 has a continuum which is too blue for a galaxy at its redshift over the entire spectral range (rest frame ~ 3000-5500 A) measured here. Both the V and R magnitudes of 3C 330 are also contaminated by a rich emission-line spectrum (Spinrad et al. 1976 In addition to data for 32 clusters from the present paper, we include data for 16 clusters from Paper I and 55 clusters and groups from earlier work by Sandage, for a total sample of 103 clusters with redshifts ranging from 0.016 to 0.75. Probably the most interesting aspect of the data is that they begin for the first time to suggest a departure from the q0 = + 1 line.
In addition to the K correction, discussed in § III, the data as plotted in Figures 3 and 4 have been subjected to several other standard corrections, which we will discuss briefly. The corrected data from Tables 2  and 3 of the present paper are given in Table 4 , while the corrected data from the earlier work are given in Table 5 .
a) The Aperture Correction
In Figures 3 and 4 , we have used the aperture correction given earlier by Sandage (1972a, his Table 3 ), computed as if q0 = + 1. But the aperture correction, which reduces measurements at different values of z to the same intrinsic size at the galaxies, involves a dilemma in principle. To apply the correction properly, one must know the true value of q0 beforehand, since the relation between linear size at a given z and the apparent angular size at the Earth depends on it. Therefore, if the purpose of the measurements is to determine q0 , the possibility arises that one may be stalemated and unable to proceed. Whether this is a real problem in practice depends upon the sensitivity of the correction itself to the true value of q 0 • If this sensitivity is not too great (i.e., if the aperture correction does not change much with a change in the true value of q0), one can proceed by assuming a value of q0 for purposes of the aperture correction and then computing a best-fit q0 from the corrected data. If the assumed and computed values are not the same, one can then adjust the former and recompute the latter; this iterative procedure should converge to a self-consistent value of q0 to the desired accuracy.
The question of the sensitivity of the results of the aperture correction to the value of q 0 was discussed briefly in Paper I. To explore the effect more fully and explicitly, we have independently applied two aperture corrections to our data: the corrections for assumed values of q0 = 0 and q0 = + 1. The differences can be seen in Tables 4 and 5 by comparing columns (5)-{8) with columns (9)-{12). The only difference between any corresponding pair of magnitudes in these tables-for example, between columns (5) and (9), or between columns (8) and (12)-is the difference of the assumed value of q0 for the aperture correction. By comparing the two sets of data, we see that the corrected magnitudes are fainter for the q0 = 0 case by ,.., O.oI mag for z = 0.04-0.06, by ,.., 0.02 mag for z = 0.07--0.12, and by 0.02--0.06 mag for z = 0.12-0.5. The difference is not large, and its effects on the ultimate determination of q0 are discussed further in §V. Tables  4 and 5 and Figures 1 and 2 for Abell richness class  according to the recipe of Table 3 of Paper I, for Bautz-Morgan contrast class following the discussion of Sandage and Hardy (1973) , and for galactic absorption as defined by Sandage (1973a, his eqs. [ 4] and [5] ).
The addition of the new data here does not significantly alter the earlier discussion of either the richness or Bautz-Morgan correction. The main impact of the new data for the richness correction is in the redshift range 0.10 < z < 0.27, with the addition of 10 new clusters of richness 3 and the inclusion for the first time of clusters of richness 0 (three clusters) and richness 5 (the richest Abell cluster, A665). The richness effect is in any case small, and the new data appear to be adequately represented by the discussion of Paper I. We have not tried to estimate richness classes for the most distant clusters because of the difficulty of seeing deep enough into the cluster luminosity function for these very faint clusters. We do not believe that one will necessarily tend to selectively discover richer clusters at very large redshifts. It seems more likely that discovery will most strongly depend on the Bautz-Morgan contrast class: There will be a tendency to notice clusters where the bright end of the luminosity function is well populated (larger BM classes). This tendency can perhaps already be seen in Table 4 .
The correlation between residuals from the mean Hubble line and Bautz-Morgan class continues to hold for our enlarged data sample. For the combined data of Sandage and Hardy (1973) 
c) Radio Sources in the Sample
The data include redshifts and magnitudes for 13 bright chister galaxies that are also radio sources and four radio galaxies that may or may not be in clusters (3C 19, 3C 123, 3C 343.1, and 3C 460) . The use of these objects in a discussion of the Hubble diagram may be questioned because of (1) evidence for a relation between optical and radio absolute luminosities of radio galaxies (e.g., Colla et al. 1975; Jaffe and Perola 1976) , combined with a strong bias toward detection of radio-bright objects at large redshifts, and (2) the possibility that some radio sources may have significant nonthermal radiation or other anomalies in the visible region of the spectrum.
The present data suggest that item (1) is not important for cluster galaxies but that item (2) may be, especially at extreme redshifts. For redshifts less than 0.5, there is no discernible difference' between the systematics of the radio and nonradio clusters in our sample as a function of z. The reason that the relation between radio and optical luminosities is not optical luminosities becomes increasingly more skewed by extending further to low optical luminosities, but the magnitude and shape of the bright end remain the same. This effect can be seen explicitly in Figure 6 of Colla et al. (1975) and also appears in the 3CR sample of Sandage (1972c, his Table 2 ). It seems that, by considering only radio sources that are also the brightest cluster galaxies, we restrict ourselvea to the (constant) high-luminosity end of the optical distribution. Stated differently and more simply, it appears empirically that, to within the uncertainties of the present data, the brightness of the brightest cluster galaxy does not depend on whether that galaxy is also a bright radio source. For noncluster galaxies, however, there may well be an effect. Our data are not compatible with the prediction by Gunn (1977) of a large effect. The reason seems to be that Gunn represented the Colla et al. data by a linear relation between radio and optical magnitudes, which is probably not an adequate representation of the relation discussed above.
V. THE APPARENT VALUE OF qo WITH NO EVOLUTIONARY CORRECTION: EVIDENCE FOR A POSITIVE CURVATURE OF THE HUBBLE LINE
It is clear from a cursory inspection of Figures 3 and 4 that the Hubble line continues to be approximately straight, and the dispersion in magnitude reasonably uniform, to the limit of the available data. But a closer examination of the data shows, for the first time, a persistent positive curvature of the line. Table 6 gives the results of a formal least-squares fit of several sets of data to a Friedmann model of the universe, with all galaxy evolution explicitly ignored. To avoid the possibility of distorting the results by the few largest redshift objects, for which the corrections are greatest and most uncertain, and for which selection effects are probably operative (especially a tendency to selectively observe objects on the bri~hter side of the luminosity function at extreme redshifts), we have restricted the discussion to clusters with redshift z < 0.4. In recent years, this redshift range has become rather easy to work in: The data are secure, and a reasonable data sample is available which is not limited in apparent luminosity. Except for the 3C clusters, the sample is a random selection from the rich Abell and deeper Schmidt survey clusters.
The first data sample in Table 6 consists of totally corrected magnitudes for all galaxies in Tables 4 and 5, columns (6) and (8), with z < 0.4 and the q0 = + 1 aperture correction. For the V and R magnitudes separately, we have computed the least-squares values of the deceleration parameter q0 and the mean abso-1 ute magnitude, together with their standard deviations. Also included in Table 6 are the rms deviation of the magnitudes about the best-fit line (a) and the number of clusters in the sample (n ).
Sample 2 consists of sample 1 with the addition of 43 low-redshift clusters from Sandage and Hardy (1973) , which should have the effect of more securely Definition of Data SamJ!les in Table 6 L Tables 4 and 5 of this paper, totally corrected magnitudes, q 0 = +1 aperture correction, z < 0.4.
2. sample 1 plus the remainder of Sandage and Hardy (1973) Table 6 not already included in Ssmple 1 (mostly small redshift clusters).
3. Sample 1 with all radio sources omitted, 4, The galaxies of sample 1 with the ~ = O aperture correction. Figs. 3 and 4) . Also, Table 6 shows that the separate results for V and R magnitudes are identical, which implies both that the Whitford K corrections are valid to z = 0.4 and that there has been no significant color evolution over this range. Samples 3-5 of Table 6 show the results of various corrections on the value of q0• Sample 3 is the same as sample 1 with all radio sources omitted. The results are negligibly different from those of sample 1. This supports the statement above( § IVc) that the brightness of the brightest cluster galaxy is the same whether or not it is a strong radio source.
Sample 4 shows the effect of the dependence of the aperture correction on the value of q0 itself (see § IV a above). This sample consists of the same galaxies as does sample 1 with the q0 = 0 aperture corrections (cols. [10] and [12] of Tables 4 and 5 ). The effect is to reduce the computed values of q0 by 0.2. It is clear from these numbers that the dependence of the aperture correction on q0 does not preclude finding q0 from such data; a few iterations will quickly converge to a self-consistent value of q0• The basic reason that the aperture correction is not a strong function of q 0 is that our standard aperture size is so large that the integrated intensity curve l(r) is rather flat, as discussed in Paper I. Finally, sample 5 illustrates the effect of the richness and Bautz-Morgan corrections. Sample 5 is the same as sample 1 but without these two corrections (cols. [5] and [7] of Tables 4 and 5). As can be seen from Table 6 , the effect of the richness plus BM corrections is to decrease the best-fit value of q0 (in the absence of these corrections, the computed q0 is larger) and at the same time to reduce the dispersion of the magnitude residuals significantly.
In an earlier discussion of an inhomogeneous set of data, consisting of broad-band measurements by Sandage (1972b Sandage ( , 1973a and Peterson (1970) for z < 0.1 and their own scanner data for z = 0.2-0.4, Gunn and Oke (1975) concluded that the Hubble line showed a negative curvature (q0 between +0.33 and -1.27). Largely on the basis of this result and with an assumed evolutionary model, Gunn and Tinsley (1975) the;n took the argument a step farther and suggested that the universe might be accelerating, driven by a nonzero cosmological constant.
Our present data, which are basically an extension of the earlier Sandage broad-band data (and include the Peterson data in sample 2), do not confirm the Gunn and Oke results. This situation is epitomized by the case of 3C 295, the most distant Gunn and Oke galaxy, which they found to be "an extreme example ... it lies well above the mean absolute magnitude in any fit." On the basis of the present sample, however, which goes beyond 3C 295, this galaxy does not appear to be abnormally bright; it lies about 0.2 mag to the right of the mean Hubble line, which is within the magnitude dispersion, and on the faint side. This result, moreover, is independent of the corrections applied to the data, since 3C 295 is slightly fainter than other cluster galaxies in the same general redshift range, both radio sources and radio-quiet galaxies.
VI. DISCUSSION
After nearly 50 years, the original Hubble diagram has been extended by a factor greater than 200 in redshift, and the data have begun to show a significant departure from the linearity expected for all models in the limit of small redshift. The usefulness of this classical approach to testing world models now depends on an accurate knowledge of changes with time of the luminosity of elliptical galaxies. How accurate this knowledge must be depends upon the true value of q0, since the most important question at present is a qualitative one: Is the universe open or closed? The nearer q0 is to the critical value off, the more accurately it must be determined.
If it were known with certainty, for example, that there has been no significant luminosity change during the last one-fourth of the Hubble time (4 x 10 9 years, if H 0 = 55 km s-1 Mpc-1 ), then the present data are nearly good enough to show that the universe is closed. The values of q0 for sample 1 or 2 of Table 6 would in this case have to be increased slightly to qo ~ 1.7 ± 0.4, and the just-closed case would be 3 s.d. from the best value. The present age of the universe would then be 12 x 10 9 years (with H 0 = 55 km s-1 Mpc-1 ), and it would be expected to have collapsed again about 60 x 10 9 years hence.
Another possibility is that the value of q0 may be definitively found in some other way, in which case the Hubble diagram can then be used to determine the total rate of change of galaxy luminosity and thus to set an important constraint upon possible models of galaxy evolution. If, for example, it were known with certainty that q0 ~ 0, then sample 4 of Table 6 is the correct one, and it requires a dimming of about 0.5 mag during the last 5 x 10 9 years, with no major color changes (say, Ll[B -V] ~ 0.1 mag). Simple evolving galaxy models (Sandage 1961; Tinsley and Gunn 1976) can be made consistent with such changes, but the question of possible dynamical evolution (Ostriker and Tremaine 1975 ) is still open. Several lines of evidence suggest that the value of q0 may in fact be small (see § VI of Sandage 1975 and the references therein). Taken piecemeal, none of the evidence is compelling at present; but the fact that several independent kinds of data point in the same direction perhaps lends more weight to the total.
In any case, it appears possible at present to construct a self-consistent picture of an open and nearly empty universe which accommodates the little that is known without much strain; but the basis of such a picture is not very secure, and, in the face of one really solid piece of evidence that q0 = + 1, say, it could be given up without major dislocations.
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